A novel poly(amic acid) containing 1,10-phenanthroline (PPHPA) was first synthesized by the polycondensation of 4,4'-oxydiphthalic dianhydride (ODPA) with 5,6-diamine-1,10-phenanthroline (DAPH). Three polymeric complexes were first prepared by the reaction of polymer (PPHPA) with NiSO 4 , CuSO 4, and NdCl 3 , respectively. The structures of the polymer and the complexes were characterized by IR, 1 H-NMR, and elemental analysis. The magnetic behaviors of these complexes were measured as a function of magnetic field strength (0-50 kOe) at 5 K and as a function of temperature (5-300 K) at a magnetic field strength of 30 kOe. The results show that PPHPA-Ni 2+ and PPHPA-Nd 3+ were soft ferromagnets, whereas PPHPA-Cu 2+ exhibited the features of an antiferromagnet.
Introduction
For several decades, organic and polymeric magnetic materials have been studied extensively, and a great progress has been achieved in this field. In particular, the soft ferromagnet tetrakis(dimethylamino)ethylene (TDAE-C 60 ), first discovered by Wudl et al. [1] in 1991, sparked a series of investigations. Compared with traditional magnets, the magnetic polymers have characteristics of structural diversities, low density, low magnetic loss, and easy processing [2] [3] [4] [5] .
It is found that organic polymers containing paramagnetic species may produce a new kind of magnetic material owing to the magnetically long range ordering of unpaired electrons through spin-spin interactions [6] . Sun and coworkers have synthesized a variety of polymers containing bithiazole rings and the corresponding complexes with transition metal ions or rare earth metal ions, and in which most could show interesting magnetic behaviors [7] [8] [9] [10] [11] . 1,10-Phenanthroline and its derivatives play important roles in supramolecular assemblies because they can also provide bidentate N-donor sites for chelating with metal ions to form bridge ligands [12] [13] , except that 5,6-diamine-1,10-phenanthroline can be condensed with a variety of carbonyl-containing compounds to form additional derivatives. In recent years, our group carried out a series of studies on the preparation of poly(Schiff base)s containing 1,10-phenanthroline rings and their metal complexes [14] [15] [16] [17] , in which some of these complexes showed soft ferromagnetic behavior.
In this article, we discuss the synthesis and characterization of a novel poly(amic acid) containing phenanthroline units and its metal complexes (Scheme 1). The magnetic properties of these complexes were investigated for the first time.
Results and discussion

Characterization of the polymer and its complexes
The polymer (PPHPA) and its metal complexes were prepared as shown in Scheme 1. The structures of poly(amic acid) PPHPA were determined by Infrared spectra (IR) and nuclear magnetic resonance spectra (NMR). Fig. 1 , respectively. This indicated that the coordination took place through the nitrogen atoms of the phenanthroline rings or the polymer skeleton because the skeletal vibrations of phenanthroline rings needed higher energy after coordination with Ni 2+ , Cu 2+ and Nd
3+
. Similar changes were observed within the region 1200-400 cm -1 in IR spectra of these complexes. The results of elemental analysis of polymer and its corresponding complexes were shown in Table 1 . From the results of the element analysis, it was reasonable to hypothesize that the formula for PPHPA was [C 28 , and PPHPA-Nd 3+ at an applied magnetic field of 30 kOe. The magnetization decreased sharply with increasing temperature when the temperature was below 25 K, and then decreased slowly till 300 K. ) of PPHPA-Ni 2+ followed the Curie-Weiss relationship, χ=C/(T -θ) (C is the Curie constant and T is the temperature), in the range 270-300 K (θ is the Curie-Weiss temperature). The positive θ value (20 K) implies the existence of ferromagnetic coupling in the complex [18] . It was deduced that PPHPA-Ni 2+ exhibited ferromagnetism. ) of PPHPA-Cu 2+ followed the Curie-Weiss relationship, χ=C/(T -θ), in the range 147-300 K. The negative value (-110 K) implied the existence of mainly antiferromagnetic interaction in this material. were generated at 5 K (Figs. 9-11 ). 
Experimental part
Materials
Dimethyl sulfoxide was dried using a molecular sieve for several days and distilled prior to use. DAPH was prepared according to the literature [19] , followed by several recrystallizations with ethanol. ODPA was bought from China National Medicines Corporation Ltd.
Synthesis of poly(amic acid) (PPHPA)
A portion of ODPA (0.42 g, 0.002 mol) was dissolved in 5 ml of DMSO and was slowly added with stirring, to a solution of DAPH (0.62 g, 0.002 mol) in 5 ml of DMSO in a round bottom flask. The reactants were heated to 60 0 C under a purified N 2 atmosphere. The color of the solution turned from yellow to brown after several minutes. Also, the increased viscosity was observed after 4 h. After cooling, the poly(amic acid) solution was poured into deionized water to get yellow precipitates. The product was collected by filtration and washed with water and ethanol repeatedly, and then dried in vacuum at 60 0 C for 24 h. The yield was 0.76 g (73.1%). 
Preparation of the polymeric complexes
NiSO 4 (or CuSO 4 or NdCl 3 ) and the polymer PPHPA (molar ratio = 2:1) were added slowly to a stirred DMSO solution under a purified nitrogen atmosphere. The mixed solution was stirred at 60 0 C for 12 h, and then, the precipitate was formed. After it was filtered and washed successively with water and methanol, the remaining precipitate was soaked in deionized water for 24 h to remove excess physisorption of NiSO 4 (CuSO 4 or NdCl 3 ), and then isolated by filtration. After the filtrate was dried in vacuum at 60 0 C for 24 h, the polymeric complexes were obtained.
Measurements
A Bruker Vector 22 FTIR spectrometer (Ettlingen, Germany) was used to record IR spectra in KBr pellets. 
